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(7) ABSTRACT

According to one exemplary embodiment, an integrated
circuit chip comprises a first interconnect metal layer. The
integrated circuit chip further comprises a first intermediate
dielectric layer situated over the first interconnect metal
layer. The integrated circuit chip further comprises a metal
resistor situated over the first intermetallic dielectric layer
and below a second intermetallic dielectric layer. The inte-
grated circuit chip further comprises a second interconnect
metal layer over the second intermetallic dielectric layer.
The integrated circuit chip further comprises a first inter-
mediate via connected to first terminal of the metal resistor,
where the first intermediate via is further connected to a first
metal segment patterned in the second interconnect metal
layer. The integrated circuit chip further comprises a second
intermediate via connected to a second terminal of the metal
resistor, where the second intermediate via is further con-
nected to a second metal segment patterned in the second
interconnect metal layer.

20 Claims, 4 Drawing Sheets
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METHOD FOR FABRICATING A METAL
RESISTOR IN AN IC CHIP AND RELATED
STRUCTURE

The present application claims the benefit of a pending
provisional patent application entitled “Metal Resistor”
invented by Arjun Kar Roy, David Howard, and Q. Z. Liu,
Ser. No. 60/276,277 filed on Mar. 15, 2001. The disclosure
in that pending provisional application is hereby incorpo-
rated fully by reference into the present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the field of fabrication of
semiconductor devices. More specifically, the invention
relates to the fabrication of resistors for integrated circuits.

2. Related Art

Consumer demand for smaller, more complex, and faster
devices operating at high frequencies, such as wireless
communications devices and Bluetooth RF transceivers, has
in turn resulted in an increased demand for integrated circuit
(“IC”) chips that can operate at higher frequencies. For IC
chips to be able to operate at higher frequencies, such as
frequencies above 10.0 GHz, the electronic circuits in the IC
chips, and the electronic components that form the elec-
tronic circuits, must also be able to operate at higher
frequencies. However, as the frequency of operation
increases, unwanted capacitance, i.e. parasitic capacitance,
in IC chip components, such as resistors, can also undesir-
ably increase. Thus, for example, IC chip manufacturers are
challenged to fabricated IC chips having resistors with
reduced parasitic capacitance.

In a conventional IC chip, polysilicon resistors are com-
monly used, and may be fabricated using metal oxide
semiconductor (“MOS”) technology. For example, a poly-
silicon resistor may be fabricated by depositing a polysilicon
film on a field oxide region in the IC chip. The polysilicon
film may be deposited, for example, using a low-pressure
chemical vapor deposition (“LPCVD”) process. The depos-
ited polysilicon film may then be patterned and etched to
form a resistor.

By way of background, capacitance develops, for
example, when two plates made of an electrically conduct-
ing material are separated by a dielectric. The resulting
capacitance is inversely proportional to the distance, or
thickness, separating the two plates. In the polysilicon
resistor, the polysilicon in the body of the resistor forms one
plate of a capacitor. The silicon substrate, which is situated
below the field oxide region, typically forms the second
plate of the capacitor. The field oxide, which typically
comprises a dielectric such as silicon dioxide, forms the
dielectric for the above capacitor. Thus, a capacitance is
developed between the polysilicon in the resistor and the
silicon substrate of the IC chip. The value of the capacitance
between the polysilicon resistor and the silicon substrate is
inversely proportional to the distance between the polysili-
con resistor and the silicon substrate. This capacitance is
undesirable, i.e. parasitic, since a resistor should ideally
have no capacitance. Since the polysilicon resistor is situ-
ated relatively close to the silicon substrate of the IC chip,
the parasitic capacitance developed between the polysilicon
resistor and the silicon substrate can be undesirably large,
especially at frequencies above 10.0 GHz.

Other types of resistors used in a conventional IC chip
include, for example, diffused, n-well, and p-well resistors.
However, similar to polysilicon resistors discussed above,
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diffused, n-well, and p-well resistors suffer from a large
parasitic capacitance due to the junctions that these resistors
form with the silicon substrate.

Thus, there is a need in the art for a resistor having a
reduced parasitic capacitance that can be fabricated in an IC
chip.

SUMMARY OF THE INVENTION

The present invention is directed to a method for fabri-
cating a metal resistor in an IC chip and related structure.
The present invention addresses and resolves the need in the
art for a metal resistor in an IC chip that achieves reduced
parasitic capacitance.

According to one exemplary embodiment, an integrated
circuit chip comprises a first interconnect metal layer. For
example, the first interconnect metal layer may be alumi-
num. The integrated circuit chip further comprises a first
intermediate dielectric layer situated over the first intercon-
nect metal layer. The first intermediate dielectric layer, for
example, may be HDPCVD silicon dioxide. The integrated
circuit chip further comprises a metal resistor situated over
the first intermetallic dielectric layer and below a second
intermetallic dielectric layer. The metal resistor, for
example, may be titanium nitride or tantalum nitride.

According to this exemplary embodiment, the integrated
circuit chip further comprises a second interconnect metal
layer over the second intermetallic dielectric layer. The
integrated circuit chip further comprises a first intermediate
via connected to a first terminal of the metal resistor, where
the first intermediate via is further connected to a first metal
segment patterned in the second interconnect metal layer.
The integrated circuit chip further comprises a second
intermediate via connected to a second terminal of the metal
resistor, where the second intermediate via is further con-
nected to a second metal segment patterned in the second
interconnect metal layer.

According to this exemplary embodiment, the integrated
chip may further comprise a dielectric cap layer situated
between the metal resistor and the second intermetallic
dielectric layer. The dielectric cap layer, for example, may
be silicon nitride. The integrated chip may further comprise
an oxide cap layer situated between the metal resistor and
the first intermetallic dielectric layer. The oxide cap layer,
for example, may be PECVD silicon dioxide. In another
embodiment, the present invention is a method that achieves
the above-described integrated circuit chip. Other features
and advantages of the present invention will become more
readily apparent to those of ordinary skill in the art after
reviewing the following detailed description and accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a cross sectional view of an exemplary
portion of a chip utilized in the fabrication of a metal resistor
in accordance with one embodiment of the present inven-
tion.

FIG. 2 illustrates a cross sectional view of the exemplary
structure of FIG. 1 after deposition of an intermetallic
dielectric layer, in accordance with one embodiment of the
present invention.

FIG. 3 illustrates a cross sectional view of the exemplary
structure of FIG. 2 after deposition of a dielectric cap layer,
in accordance with one embodiment of the present inven-
tion.

FIG. 4 illustrates a cross sectional view of the exemplary
structure of FIG. 3 after deposition of a resistor metal layer,
in accordance with one embodiment of the present inven-
tion.
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FIG. 5 illustrates a cross sectional view of the exemplary
structure of FIG. 4 after deposition of a dielectric cap layer,
in accordance with one embodiment of the present inven-
tion.

FIG. 6 illustrates a cross sectional view of the exemplary
structure of FIG. 5 after formation of a mask, in accordance
with one embodiment of the present invention.

FIG. 7 illustrates a cross sectional view of the exemplary
structure of FIG. 6 after selective etching of the dielectric
cap layer and the resistor metal layer, and removal of the
mask, in accordance with one embodiment of the present
invention.

FIG. 8 illustrates a cross sectional view of the exemplary
structure of FIG. 7 after the deposition of a IMD layer, in
accordance with one embodiment of the present invention.

FIG. 9 illustrates a cross sectional view of the exemplary
structure of FIG. 8 after chemical mechanical polishing of
the top surface of the IMD layer, in accordance with one
embodiment of the present invention.

FIG. 10 illustrates a cross sectional view of the exemplary
structure of FIG. 9 after formation of via plugs, in accor-
dance with one embodiment of the present invention.

FIG. 11 illustrates a cross sectional view of the exemplary
structure of FIG. 10 after subsequent patterning in the
interconnect metal layer, in accordance with one embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is directed to method for fabricating
a metal resistor in an IC chip and related structure. The
following description contains specific information pertain-
ing to the implementation of the present invention. One
skilled in the art will recognize that the present invention
may be implemented in a manner different from that spe-
cifically discussed in the present application. Moreover,
some of the specific details of the invention are not discussed
in order not to obscure the invention. The specific details not
described in the present application are within the knowl-
edge of a person of ordinary skill in the art.

The drawings in the present application and their accom-
panying detailed description are directed to merely exem-
plary embodiments of the invention. To maintain brevity,
other embodiments of the invention which use the principles
of the present invention are not specifically described in the
present application and are not specifically illustrated by the
present drawings.

FIGS. 1 through 11 show cross sectional views of various
features and components of a structure which includes
various features and components of an embodiment of the
invention as described below. Certain details and features
have been left out which are apparent to a person of ordinary
skill in the art. The structure includes an exemplary metal
resistor, which can be included in an integrated circuit (“IC”)
chip manufactured using various process flows. For
example, the IC chip including the exemplary metal resistor
may be manufactured using a silicon-germanium bipolar and
complementary metal oxide semiconductor (“BiCMOS”)
process.

The invention’s metal resistor can be formed during the
process steps involving formation of interconnect metal
layers of an IC chip, also referred to as the “backend
process” in the present application. The invention’s metal
resistor confers advantages such as reduced parasitic capaci-
tance by providing increased distance between the metal
resistor and the IC chip substrate.
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In one embodiment, present invention provides a process
for fabricating a metal resistor in an aluminum “backend
process” without disturbing the standard backend process
flow. In other words, the invention’s process for fabricating
a metal resistor can be performed in a manner which can be
either included or excluded from the aluminum backend
process without impacting the aluminum backend process.
The placement of the invention’s process steps in the
standard metal backend processing is a novel approach that
provides several advantages in resistor fabrication, such as
facilitating the fabrication of resistors with low parasitic
capacitance.

FIG. 1 shows a cross sectional view of a portion of an IC
chip utilized in the fabrication of a metal resistor in accor-
dance with one embodiment of the present invention. Struc-
ture 100 includes metal segments 12 and 14, which are
fabricated in interconnect metal layer 10. For example, in an
aluminum backend process, interconnect metal layer 10 can
be patterned and etched using a subtractive etch process to
fabricate metal segments 12 and 14. Interconnect metal layer
10 can comprise a single metal such as aluminum. In one
embodiment, interconnect metal layer 10 may comprise a
“metal stack” which uses aluminum as the primary metal in
the stack. It is noted that interconnect metal layer 10 can be
any interconnect metal layer other than the top interconnect
metal layer in the IC chip.

FIG. 2 shows structure 100 in FIG. 1 after deposition of
intermetallic dielectric (“IMD”) layer 16. In structure 200,
IMD layer 16 is used as a dielectric deposition step in the
present exemplary aluminum backend process to “fill gaps™
between patterned metal segments, such as metal segments
12 and 14, in interconnect metal layer 10. The thickness of
IMD layer 16, for example, can be approximately 5,000.0
Angstroms to 9,000.0 Angstroms for a CMOS process with
a 0.18 micron feature size. IMD layer 16 can be formed by
high-density plasma chemical vapor deposition
(“HDPCVD?”) of silicon dioxide. In one embodiment, IMD
layer 16 can be formed by spin-on dielectric deposition. In
another embodiment, IMD layer 16 may be formed by a
chemical vapor deposition (“CVD”) process other than an
HDPCVD process.

FIG. 3 shows structure 200 in FIG. 2 after deposition of
dielectric “cap” layer 18. In structure 300, oxide cap layer 18
is utilized to fill any remaining gaps or weak seams in IMD
layer 16. Oxide cap layer 18 also provides an overetch
margin for subsequent steps of metal resistor formation and
etching. In other words, oxide cap layer 18 allows a margin
of error for the subsequent steps by providing extra material
which must be etched away before underlying layers can be
damaged by, for example, over etching. Oxide cap layer 18
may comprise silicon dioxide, and may be formed by plasma
enhanced chemical vapor deposition (“PECVD”). In one
embodiment, oxide cap layer 18 can be omitted. In other
words, oxide cap layer 18 is optional.

FIG. 4 shows structure 300 in FIG. 3 after deposition of
resistor metal layer 20. A portion of resistor metal layer 20
in structure 400 will be utilized to form the invention’s metal
resistor in subsequent processing steps. Resistor metal layer
20 may comprise a “refractory semi-metal,” such as titanium
nitride (“TiN”) or tantalum nitride (“TaN”). However, resis-
tor metal layer 20 may comprise other metal-based materials
having a high resistivity. The thickness of resistor metal
layer 20 can be, for example, approximately 100.0 Ang-
stroms to 1500.0 Angstroms, which results in a resistivity of
approximately 10.0 to 500.0 ohms per square. The stoichi-
ometry of TiN and TaN films can be adjusted to manipulate
the deposition rate and control the uniformity of deposition
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as well as to control various electrical properties of the
resulting deposited resistor metal layer 20, such as resistiv-
ity. Resistor metal layer 20 may be deposited, for example,
using physical vapor deposition (“PVD”), sputtering,
evaporation, or CVD.

FIG. § shows structure 400 in FIG. 4 after deposition of
dielectric cap layer 22. In structure 500, dielectric cap layer
22 can comprise silicon nitride or other suitable nitrogen-
based dielectric. In one embodiment, another type of dielec-
tric other than a nitrogen-based dielectric may be used. In
the present embodiment, dielectric cap layer 22 can be used
to protect the top surface of a metal resistor that will be
formed in resistor metal layer 20, to provide a selective etch
stop for subsequent via etch, and to provide an antireflective
coating (“ARC”) for more exact patterning of resistor metal
layer 20. For example, a provision for a selective etch stop
for subsequent via etch can prevent etching through a metal
resistor formed in resistor metal layer 20 if the subsequent
via etch encounters different dielectric etch depths on top of
the standard aluminum interconnect metal layer and on top
of the metal resistor. In one embodiment, dielectric cap layer
22 may not be used.

FIG. 6 shows structure 500 in FIG. § after formation of
mask 24 on dielectric cap layer 22. Mask 24 is used to
pattern a metal resistor, which will be formed in resistor
metal layer 20. Mask 24 defines the width of the metal
resistor that will be formed in resistor metal layer 20, and
may comprise, for example, photoresist. The length of the
metal resistor to be formed in resistor metal layer 20 is
defined by the location of vias used to connect the two
terminals of the metal resistor to a interconnect metal layer
subsequently formed above the metal resistor.

FIG. 7 shows structure 600 in FIG. 6 after selective
etching of dielectric cap layer 20 and resistor metal layer 20,
and removal of mask 24. The etching is done selectively, i.e.
etchants are used which etch dielectric cap layer 20 and
resistor metal layer 20 but do not substantially etch oxide
cap layer 18. Metal resistor 26 is thus formed by the above
etch, and the boundaries of metal resistor 26 are determined
by mask 24 in FIG. 6. Metal resistor 26, for example, can be
approximately 1.0 micron to 1,000.0 microns in length and
can range in resistance from approximately 1.0 ohm to 500.0
thousand ohms. As shown in FIG. 7, dielectric cap layer 22
protects the top surface of metal resistor 26. Dry etch
chemistry including, for example, chlorine (C12), and Argon
(Ar), can be used to etch dielectric cap layer 22 and resistor
metal layer 20. However, fluorine based etch chemistries
such as CF4 and CHF3 may also be used as well as wet etch
chemistries that can etch resistor metal layer 20 and are
selective to oxide cap layer 18.

FIG. 8 shows structure 700 in FIG. 7 after deposition of
IMD layer 28. IMD layer 28 can comprise undoped silica
glass (“USG”), and may be deposited using a PECVD
process. Deposition of IMD layer 28 is part of a standard
aluminum backend processing used to complete IMD layer
16. In other words, in a standard aluminum backend process,
IMD layer 16 is deposited in the first part of a two-part
process and IMD layer 28 is deposited in the second part of
the two-part process. In another embodiment, IMD layer 28
may comprise silicon dioxide or other suitable dielectric
with a low dielectric constant, i.e. a low k dielectric. Thus,
the present invention’s novel process steps used to form
metal resistor 26 advantageously fit between the steps used
in a standard aluminum backend process. As shown in FIG.
8, top surface 30 of IMD layer 28 is typically irregular.

FIG. 9 shows structure 800 in FIG. 8 after chemical
mechanical polishing (“CMP”), which is used to planarize
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top surface 30 of IMD layer 28. By way of background,
CMP is a wafer flattening and polishing process that com-
bines chemical removal with mechanical buffing, and is
used, among other things, for wafer planarization during the
wafer fabrication process.

FIG. 10 shows structure 900 in FIG. 9 after formation of
intermediate vias 32 and 34 and interlayer via 36. Interme-
diate vias 32 and 34 can be formed by selectively etching
IMD layer 28 using a via etch process known to a person of
ordinary skill in the art. However, the via etch process
utilized to etch intermediate vias 32 and 34 must have
sufficient selectivity to dielectric cap layer 22 and resistor
metal layer 20 so as not to etch completely through metal
resistor 26.

In one embodiment, intermediate vias may be formed by
selectively etching IMD layer 16 and oxide cap layer 18. In
that embodiment, the intermediate vias may connect termi-
nals 38 and 40 of metal resistor 26 to metal segments
patterned in metal layer 10, such as metal segments 12 and
14. Interlayer via 36 may be formed by etching IMD layer
28, oxide cap layer 18, and IMD layer 16 by a standard via
etch process. Intermediate vias 32 and 34 and interlayer via
36 may be filled by using a fill comprised of a suitable
electrically conducting metal, such as tungsten.

In FIG. 10, intermediate via 32 is connected to terminal 38
at a first end of metal resistor 26, and intermediate via 34 is
connected to terminal 40 at a second end of metal resistor 26.
Intermediate vias 32 and 34, respectively, provide electrical
connectivity between terminals 38 and 40 of metal resistor
26 and an interconnect metal layer (not shown in FIG. 10)
above metal resistor 26. Interlayer via 36 provides a con-
nection between metal segment 14 in interconnect metal
layer 10 and other devices on the same IC chip in an
interconnect metal layer (not shown in FIG. 10) above IMD
layer 28.

FIG. 11 shows structure 1000 in FIG. 10 after subsequent
patterning in interconnect metal layer 48. The patterning in
interconnect metal layer 48 can include, for example, vari-
ous steps of deposition, masking, etching, and photoresist
stripping, as are known in the art, to form metal segments 42,
44, and 46 shown in FIG. 11. Interconnect metal layer 48, for
example, may comprise aluminum. As shown in FIG. 11,
intermediate vias 32 and 34, respectively, connect terminals
38 and 40 of metal resistor 26 to metal segments 42 and 44
in interconnect metal layer 48. Interlayer via 36 connects
metal segment 14 in interconnect metal layer 10 to metal
segment 46 in interconnect metal layer 48.

Thus, as described above, the present invention’s metal
resistor can be advantageously integrated into a standard
aluminum backend process used in IC chip fabrication. In
other words, the present invention’s metal resistor can be
advantageously added to the aluminum backend process
without impacting or disturbing the aluminum backend
process flow.

Also, the invention’s novel scheme of interrupting a
standard two-step dielectric deposition, i.e. deposition of
IMD layer 16 and IMD layer 28, to integrate the invention’s
metal resistor, i.e. metal resistor 26, between interconnect
metal layer 10 and interconnect metal layer 48 does not
significantly increase the via etch depth, and thus allows the
via etch process to be kept simple.

Additionally, in contrast to conventional polysilicon resis-
tors fabricated close to the silicon substrate, the present
invention provides a metal resistor that is fabricated between
interconnect metal layers in the IC chip, and thus can be
fabricated at a greater distance from the silicon substrate
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than conventional polysilicon resistors. By way of
background, the parasitic capacitance between a resistor,
such as the invention’s metal resistor, and the silicon sub-
strate is inversely proportional to the distance between the
resistor and the silicon substrate. Thus, the present invention
advantageously achieves a metal resistor having reduced
parasitic capacitance between the silicon substrate compared
to a conventional polysilicon resistor.

From the above description of the invention it is manifest
that various techniques can be used for implementing the
concepts of the present invention without departing from its
scope. Moreover, while the invention has been described
with specific reference to certain embodiments, a person of
ordinary skills in the art would recognize that changes can
be made in form and detail without departing from the spirit
and the scope of the invention. As such, the described
embodiments are to be considered in all respects as illus-
trative and not restrictive. It should also be understood that
the invention is not limited to the particular embodiments
described herein, but is capable of many rearrangements,
modifications, and substitutions without departing from the
scope of the invention.

Thus, method for fabricating a metal resistor in an IC chip
and related structure have been described.

What is claimed is:

1. An integrated circuit chip formed in a semiconductor
substrate, comprising:

a first interconnect metal layer in said semiconductor
substrate;

a first intermetallic dielectric layer in said semiconductor
substrate situated over said first interconnect metal
layer;

a metal resistor in said semiconductor substrate situated
over said first intermetallic dielectric layer, said metal
resistor being only connected to a second interconnect
metal layer;

a dielectric cap layer in said semiconductor substrate
patterned on said metal resistor;

a second intermetallic dielectric layer in said semicon-
ductor substrate formed over said dielectric cap layer
and said metal resistor;

said second interconnect metal layer in said semiconduc-
tor substrate being situated over said second interin-
etallic dielectric layer;

a first intermediate via in said semiconductor substrate
connected to a first terminal of said metal resistor, said
first intermediate via being further connected to a first
metal segment patterned in said second interconnect
metal layer;

a second intermediate via in said semiconductor substrate
connected to a second terminal of said metal resistor,
said second intermediate via being further connected to
a second metal segment patterned in said second inter-
connect metal layer.

2. The integrated circuit chip of claim 1 wherein said
metal resistor is selected from the group consisting of
titanium nitride and tantalum nitride.

3. The integrated circuit chip of claim 1 wherein said first
interconnect metal layer comprises aluminum.

4. The integrated circuit chip of claim 1 wherein said first
intermetallic dielectric layer comprises HDPCVD silicon
dioxide.

5. The integrated circuit chip of claim 1 wherein said
second intermetallic dielectric layer comprises undoped
silica glass.
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6. The integrated circuit chip of claim 1 wherein said
dielectric cap layer comprises silicon nitride.

7. The integrated circuit chip of claim 1 further compris-
ing an oxide cap layer situated between said metal resistor
and said first intermetallic dielectric layer.

8. The integrated circuit chip of claim 7 wherein said
oxide cap layer comprises PECVD silicon dioxide.

9. The integrated circuit chip of claim 1 wherein said
metal resistor is not connected from below.

10. The integrated circuit chip of claim 1 wherein the
thickness of said metal resistor is approximately 100.0
Angstroms to 1500.0 Angstroms.

11. An integrated circuit chip formed in a semiconductor
substrate, comprising:

a first interconnect metal layer in said semiconductor
substrate;

a first intermetallic dielectric layer in said semiconductor
substrate situated over said first interconnect metal
layer;

a metal resistor in said semiconductor substrate situated
over said first intermetallic dielectric layer, said metal
resistor being only connected to a second interconnect
metal layer;

a dielectric cap layer in said semiconductor substrate
patterned on said metal resistor;

a second intermetallic dielectric layer in said semicon-
ductor substrate formed over said dielectric cap layer
and said metal resistor;

said second interconnect metal layer in said semiconduc-
tor substrate being situated over said second interme-
tallic dielectric layer;

a first intermediate via in said semiconductor substrate
connected to a first terminal of said metal resistor and
said second interconnect metal layer;

a second intermediate via in said semiconductor substrate
connected to a second terminal of said metal resistor
and said second interconnect metal layer.

12. The integrated circuit chip of claim 11 wherein said
metal resistor is selected from the group consisting of
titanium nitride and tantalum nitride.

13. The integrated circuit chip of claim 11 wherein said
first intermetallic dielectric layer comprises HDPCVD sili-
con dioxide.

14. The integrated circuit chip of claim 11 wherein said
second intermetallic dielectric layer comprises undoped
silica glass.

15. The integrated circuit chip of claim 11 wherein said
dielectric cap layer comprises silicon nitride.

16. The integrated circuit chip of claim 11 wherein said
first interconnect metal layer comprises aluminum.

17. The integrated circuit chip of claim 11 further com-
prising an oxide cap layer situated between said metal
resistor and said first intermetallic dielectric layer.

18. The integrated circuit chip of claim 17 wherein said
oxide cap layer comprises PECVD silicon dioxide.

19. The integrated circuit chip of claim 11 wherein said
metal resistor is not connected from below.

20. The integrated circuit chip of claim 11 wherein the
thickness of said metal resistor is approximately 100.0
Angstroms to 1500.0 Angstroms.



